A Dynamic t-SNARE Complex  by Rizo, Josep
Structure
PreviewsA Dynamic t-SNARE Complex
Josep Rizo1,*
1Departments of Biochemistry and Pharmacology, University of Texas Southwestern Medical Center, 6000 Harry Hines Boulevard,
Dallas, TX 75390, USA
*Correspondence: jose@arnie.swmed.edu
DOI 10.1016/j.str.2008.01.001
Syntaxin-1/SNAP-25 heterodimerswith 1:1 stoichiometry likely play a key role in neurotransmitter release but
they have been difficult to characterize. In this issue of Structure, Weninger et al. present a beautiful single
molecule spectroscopy study showing the dynamic nature of these heterodimers and how they are influ-
enced by other factors.Neurotransmitter release is an exquisitely
regulated process fundamental for neural
function. It involves a series of steps, in-
cluding synaptic vesicle docking to the
plasma membrane, followed by priming
and fusion. The synaptic vesicle SNARE
synaptobrevin and the plasma membrane
SNAREs syntaxin-1 and SNAP-25 play
a central role in neurotransmitter release
by forming tight SNARE complexes that
bring the two membranes together
(Figure 1A) and are key for membrane
fusion (Brunger, 2005). While extensive
studies of the SNARE complex have pro-
vided crucial insights into the fusion
step, characterizing potential intermedi-
ates in the SNARE complex assembly
pathway is equally important for under-
standing brain function, as the intermedi-
ates may underlie earlier steps of the
exocytotic cascade and regulation of the
release efficiency during presynaptic
plasticity processes. Particularly interest-
ing in this context is the formation of 1:1
syntaxin-1/SNAP-25 heterodimers, com-
monly called t-SNARE complexes, which
are believed to assemble first and thus
serve as acceptors for synaptobrevin
(Pobbati et al., 2006). However, studying
these complexes has been technically
challenging. As described in this issue
of Structure (Weninger et al., 2008), We-
ninger et al. used an innovative approach,
based on single molecule fluorescence
spectroscopy, to uncover key details of
the nature of 1:1 syntaxin-1/SNAP-25 het-
erodimers and investigate their interac-
tions with other proteins involved in neu-
rotransmitter release.
The SNARE complex consists of a four
helix bundle formed by sequences called
SNARE motifs (two from SNAP-25, re-
ferred to as SN1 and SN2, and one each
from synaptobrevin and syntaxin-1; seeFigure 1A; Sutton et al., 1998). The severe
difficulties in studying 1:1 syntaxin-1/
SNAP-25 heterodimers arise from the
high tendency of the syntaxin-1 and
SNAP-25 SNARE motifs to associate pro-
miscuously into diverse four helix bundles
(Brunger, 2005). Examples of these four
helix bundles include syntaxin-1 tetramers
and syntaxin-1/SNAP-25 heterodimers
with 2:1 stoichiometry (Figure 1B), which
are most likely ‘‘dead-ends’’ rather than
true intermediates in SNARE complex as-
sembly. To overcome this problem and
characterize 1:1 syntaxin-1/SNAP-25 het-
erodimers, Weninger et al. prepared sup-
ported lipid bilayers containing syntaxin-1
at very low protein-to-lipid ratios (1:106–
107). Furthermore, they took advantage
of the high sensitivity of fluorescence
spectroscopy techniques that allow
observation of a single molecule or a
complex. The authors first demonstrated
that, under their experimental conditions,
at least 50% of syntaxin-1 molecules
(labeled with a fluorescent dye) are mono-
meric and poised to form heterodimers
upon SNAP-25 addition. Next, they moni-
tored binding of fluorescently labeled
SNAP-25 to syntaxin-1 containing bila-
yers.Once the heterodimerswere formed,
little dissociation was observed over
extended time periods, demonstrating
the high stability of these complexes.
The structure of syntaxin-1/SNAP-25
heterodimers was then investigated by
measuring single molecule fluorescence
resonance energy transfer (smFRET) in
syntaxin-1/SNAP-25 complexes labeled
with donor-acceptor pairs in different
positions, designed to yield high FRET or
no FRET according to the crystal structure
of the SNARE complex (Sutton et al.,
1998; illustrated in Figure 1C for com-
plexes containing the FRET pair labelsStructure 16, February 200[indicated by the starts] at the N termini
of each of the SNAP-25 SNARE motifs).
Experiments performed with FRET
donor-acceptor pairs placed in close
proximity according to the crystal struc-
ture of the SNARE complex revealed the
presence of three different populations:
a dominant high FRET population of 1:1
syntaxin-1/SNAP-25 heterodimers con-
sistent with the structure, a minor popula-
tion of zero FRET reflecting the formation
of antiparallel helix bundles and, surpris-
ingly, a substantial population of com-
plexes with diverse intermediate FRET
values. Time traces of individual com-
plexes revealed that low, intermediate,
and high FRET states can persist for long
periods of time (tens of seconds). Addi-
tionally, transitions between these states,
on 0.1–1 s timescale, were often ob-
served. As expected, addition of synapto-
brevin increased the population of high
FRET complex and eliminated the popula-
tion with intermediate FRET values. These
observations demonstrate that 1:1 syn-
taxin-1/SNAP-25 heterodimers, while sta-
ble, are highly dynamic and can assume
a wide range of different configurations.
Figure 1C offers a simplified view of this
diverse conformational ensemble that
includes three helix bundles containing
both SNAP-25 SNARE motifs (high
FRET) and twohelix bundles containingei-
ther SN1 or SN2 (intermediate FRET). The
intermediate FRET values can be attrib-
uted to the averaging of FRET signal over
the time scale of the measurements, due
to very fast conformational transitions in-
volving the linker and the SNARE motif
not incorporated into the bundle (exempli-
fied in Figure 1C with two different config-
urations for each two helix bundle). It is
also plausible that the diversity of inter-
mediate FRET values observed arises, in8 ª2008 Elsevier Ltd All rights reserved 163
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(A) Diagram illustrating the structure of the SNARE complex forming a four helix bundle between the synaptic vesicle and plasmamembranes. Syntaxin is colored
in pink, SNAP-25 in green, and synaptobrevin in blue. The N termini of the three proteins is indicated.
(B) Diagram illustrating the formation of 2:1 syntaxin-1/SNAP-25 heterodimers where a second syntaxin-1 molecule has replaced synaptobrevin.
(C) Simplified model of the conformational ensemble of 1:1 syntaxin-1/SNAP-25 heterodimers as revealed by the study of Weninger et al., 2008. The N and C
termini of SNAP-25 are labeled, and the positions of one of the donor-acceptor FRET label pairs used in the study are indicated by stars. The diagrams illustrate
three main types of states forming a three helix bundle containing both SN1 and SN2 (top), or two helix bundles containing either SN1 (left) or SN2 (right). These
states can be stable over long periods, but they can interconvert. Moreover, the linker and the dissociated SNAREmotif in the two helix bundles likely interconvert
very fast between many different conformations, resulting in averaging of the FRET during the 0.1 s timescale of the measurement, which yields the observed
intermediate FRET values. This notion is illustrated by showing two different configurations with different distances between the labels for each two helix bundle.part, from binding of short segments of
the flexible SNARE motif to different re-
gions of the two helix bundles.
Weninger et al. went further and ana-
lyzed interactions of the 1:1 syntaxin-1/
SNAP-25 heterodimer with complexin,
Munc18-1, Munc13-1 and synaptotag-
min-1, proteins that play important roles
in neurotransmitter release (Brunger,
2005). Each of these proteins decreased
the population of 1:1 syntaxin-1/SNAP-25
heterodimers with intermediate FRET and
increased the population of high-FRET
complexes to different degrees. These re-
sults suggest that the four proteins may
play a role in stabilizing the 1:1 syntaxin-
1/SNAP-25 heterodimer, although each
of these interactions could serve a distinct
purpose in the exocytotic cascade. Partic-
ularly interesting is the interaction with
Munc13-1 because the biochemistry of
this protein was highly unclear. A popular
model proposed that Munc13-1 assists in
SNARE complex formation by binding to
syntaxin-1, but MUN domain of Munc13-
1 does not bind to isolated syntaxin-1
and yet it rescues the total abrogation
of release observed in the absence of164 Structure 16, February 2008 ª2008 ElsMunc13 (Basu et al., 2005). The finding
that Munc13-1 MUN domain binds to the
1:1 syntaxin-1/SNAP-25 heterodimer now
suggests thatMunc13provides a template
to assemble this heterodimer, thus helping
to form the acceptor complex for synapto-
brevin. The interaction of Munc18-1 with
the heterodimer may have a similar func-
tion, based on the critical role ofMunc18-1
for neurotransmitter release (Brunger,
2005) and its ability to accelerate SNARE
complex assembly (Shen et al., 2007), al-
though the effects of Munc18-1 on the
FRET populations of the heterodimer
were more modest than those caused by
Munc13-1 MUN domain.
It is also interesting that the FRET data
of Weninger et al. reveal an interaction of
the 1:1 syntaxin-1/SNAP-25 heterodimer
with the Ca2+ sensor synaptotagmin-1 in
the absence and presence of Ca2+. Since
synaptotagmin-1 was previously found to
bind to the C terminus of membrane-an-
chored SNARE complexes (Bowen et al.,
2005; Dai et al., 2007), the interaction of
synaptotagmin-1 with the heterodimer
may help stabilize its C-terminal region
before Ca2+ influx into the presynapticevier Ltd All rights reservedterminal. Finally, based on accumulating
evidence on complexin (see Brunger,
2005; Dai et al., 2007; Weninger et al.,
2008), its interaction with the 1:1 syn-
taxin-1/SNAP-25heterodimer is also likely
to play a role in the final step of release.
This interaction was unexpected because
it was not previously observed in solution.
Theauthors provide a likely explanationby
pointing out that complexin binding may
require a 1:1 syntaxin-1/SNAP-25 stoichi-
ometry, although the possibility that the
membrane may stabilize this interaction
cannot be ruled out. In a parallel study,
where we also observed binding of
Munc18-1, Munc13-1 MUN domain, and
complexin to membrane anchored syn-
taxin-1/SNAP-25 heterodimers using
liposome cofloatation assays, we found
that MUN domain binds in addition to
SNARE complexes anchored to mem-
branes, but not to soluble SNARE com-
plexes (Guan et al., 2008). This result
emphasizes the importance of including
membranes in studying interactions of
the neurotransmitter release machinery.
The current work of Weninger et al. and
previous studies by the same laboratories
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are trulypioneeringnot only becauseof the
wealth of information they are providing,
but also because they illustrate the power
of single molecule spectroscopy to tackle
the difficult challenges involved in obtain-
ing structural information on membrane-
attached protein complexes.
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